The title compound, [4-(sulfonyazide) phenyl]-1-azide has been synthesized and characterized by elemental analysis, IR, UV-Vis, Mass and NMR. Density functional theory (DFT) calculations have been carried out for the title compound by performing HF and DFT levels of theory using the standard 6-31G* basis set. The calculated results show that the predicted geometry can well reproduce the structural parameters. Predicted vibrational frequencies have been assigned and compared with experimental IR spectra and they support each other. The theoretical electronic absorption spectra have been calculated by using CIS, TD-DFT, ZINDO methods.
Introduction
Organic azides are versatile starting materials for the synthesis of a variety of nitrogencontaining compounds that attracts the attention of both the organic and inorganic chemists. 1, 3-Dipolar cycloadditions with the participation of organic azides have been turned into a valuable tool for the construction of heterocyclic compounds. 1 The addition of 1, 3-dipolar species to unsaturated molecules for the synthesis of five-membered rings is a classical reaction in organic chemistry. These cycloadditions have been utilized for the preparation of compounds that are of fundamental importance in diverse fields of chemistry. 2 The use of 1,3-benzenedisulfonyl azide as a cross-linking agent in polyolefins and polyolefin containing blends is covered in a number of patents and publications. [3] [4] [5] [6] [7] Inorganic chemists consider organic azides as readily accessible substrates for the preparation of nitrene (imido) complexes. 8 Recently, the first successful isolation of complexes incorporating aryl, alkyl and arenesulfonyl azides as ligands has allowed us to take an insight into the chemical and structural features of complexes which have emerged so far only as elusive intermediates of organometallic reactions. 9 Due to the practical and theoretical importance of organic azides, a variety of experimental methods and techniques have been used for their structural characterisation. These include IR 5 , NMR 10 and microwave 11 spectroscopy, electron diffraction 12 , mass spectrometry 13 and ab initio quantum chemical calculations.
14 Disulfonyl azides have earlier been shown to be effective agents for cross-linking of various hydrocarbon polymers. [3] [4] [5] [6] [15] [16] [17] The cross-linking reaction between hydrocarbons and sulfonyl azides isbelieved not to involve radicals, but to occur by an insertion reaction. Disulfonyl azides are, therefore, capable of cross-linking polyolefins with tertiary carbon atoms, such as polypropylene and polyethylene copolymers. As a part of our ongoing studies on sulfonyl azides [18] [19] [20] [21] , in this paper we consider the synthesis and characterization of [4-(Sulfonylazide)phenyl]-1-azide (Figure 1 ).
Results and Discussion
The general route for the synthesis of [4-(Sulfonylazide)phenyl]-1-azide is shown on Scheme 1. The optimized structure parameters of this compound calculated by ab initio and DFT/B3LYP levels with the 6-31G* basis set are listed in Table 1 . The aim of this study is to give optimal molecular geometry and vibrational modes of title compound.
The optimized configurations are shown in Figure 1 . Since the crystal structure of this compound is not available, the optimized structure can be only being compared with other similar systems for which the configurations have been optimized. 22 For example, the optimized bond lengths of C-C in phenyl ring fall in the range from 1.37783-1.39204 Å for HF/6-31G* method and 1.38901-1.40271 Å for B3LYP/6-31G* method, which are in good agreement with a similar molecular structure, (phenyl ring with arensulfonyl group) 1.385-1.400 Å. 22 The optimized C ring -N bond length by two methods are 1.40669 Å for HF/6-31G* method and 1.41179 Å for B3LYP/6-31G* method, which is slightly shorter than that in compound with a similar molecular structure. 23 For the bond of C ring -S, the optimized lengths (see Table 1 ) are slightly shorter than that in compound with a similar molecular structure (1.75906 Å for HF/ 6-31G* method and 1.78177 Å for B3LYP/ 6-31G* method). 23 Based on above comparison, although there are some differences between our values and the literature data, the optimized structural parameters can well reproduce the literature ones and they are the bases for thereafter discussion. 
Vibrational frequency
The observed experimental FT-IR spectra and theoretically predicted IR spectra are shown in Figures 2-4 . The vibrational frequency and approximate description of each normal mode obtained using HF and DFT/B3LYP methods with 6-31G* basis set are given for this compound in Table 2 . In our study, vibrational frequencies calculated at B3LYP/6-31G* level were scaled by 0.96 and those calculated at HF/6-31G* level were scaled by 0.89. 20 Gauss-view program 24 was used to assign the calculated harmonic frequencies. On the basis of the comparison between calculated and experimental results, assignments of fundamental modes were examined. The assignment of the experimental frequencies are based on the observed band frequencies in the infrared spectra of this species confirmed by establishing one to one correlation between observed and theoretically calculated frequencies. The calculated frequencies are slightly higher than the observed values for the majority of the normal modes. Two factors may be responsible for the discrepancies between the experimental and computed spectra of this compound. The first is caused by the environment and the second reason for these discrepancies is the fact that the experimental value is an anharmonic frequency while the calculated value is a harmonic frequency. 25 A linearity between the experimental and calculated wave numbers (i.e. for the whole spectral range considered), can be estimated by plotting the calculated versus experimental wave numbers ( Figure 5 ). The values of correlation coefficients provide good linearity between the calculated and experimental wave numbers (correlation coefficients of 0.899-0.999). The benzene ring modes predominantly involve C-C bonds and the vibrational frequency is associated with C-C stretching modes of carbon skeleton. The C-C stretching modes, known as semi-circle stretching, predicted at 1510-1660 cm The calculations also show that the π(CH) vibrations are not pure and contain significant contributions of other modes (υ (SN) and π(CN)). The stretching υ(C-N) vibrations could be observed for the compound studied in a broad energy range, depending on the π-bonding nature of the C-N bond. Single σ(C-N) bonding appears, for the example, in the azoaromatic compounds.
The S-N stretching vibration exhibits a moderate band in the region 1010-1020 cm -1 , the band observed at this region is not pure υ (SN) vibration and contains a significant contribution of π(CH) mode. The observed bands 1320-1470 and 1100-1120 cm -1 were assigned to the υ(SO 2 )asym. and υ(SO 2 )sym. Modes, respectively. The bands at 510-530 cm -1 were assigned to, the SO 2 scissors and SO 2 wagging vibration, and have partly overlapped in this region, calculations show that ω (SO 2 ) vibration contains a considerable contribution with π ring. 29 The major bands (630-890 cm -1 region) relate to S-C stretch. Figure 5 . Graphic correlation between the experimental and the theoretical frequencies obtained by B3LYP/6-31G*method and HF/6-31G*method.
Electronic absorption spectra
Experimental electronic spectra measured in dichloromethane solution along with the theoretical electronic absorption spectra calculated on the B3LYP/6-31G* level optimized structure are listed in Table 3 . In addition, the theoretical electronic spectra have a broad band from 304 to 308 nm, which is different from the experimental peak at 312 nm. Molecular orbital coefficients analyses based on the optimized geometry indicate that the frontier molecular orbitals are mainly composed of p atomic orbitals, so electronic transitions corresponding to above electronic spectra are mainly LUMO and HOMO-LUMO for the title compound. Figure 6 shows the surfaces of HOMO (the highest occupied molecular orbital) and LUMO (the lowest unoccupied molecular orbital) So the electronic spectra are corresponding to electronic transition of the phenyl ring (transition of π-π* type). Absorption maxima (λ max ) for this compound were calculated by the CIS, TD, ZINDO methods. Figure 6 . Surfaces of HOMO, LUMO and HOMO-LUMO for the title compound.
NMR spectra
The experimental and theoretical values for 1 H, 13 C NMR, and calculated structural parameters of the title compound are given in Tables 4-5 Figure 7 . Plot of the calculated vs. the experimental 13 C NMR, 1 H NMR chemical shifts (ppm).
As in Figure 8 , this compound shows seven different carbon atoms, which is consistent with the structure on the basis of molecular symmetry. Due to that fact, in Figure 8 , seven carbon peaks are observed in 13 C NMR spectrum of compound. If 1 H NMR spectrum (Figure 8 ) of the title compound is investigated, it can be seen that total number of protons are in agreement with the integration values presented in this spectrum. Chemical shifts were reported in ppm relative to TMS for 1 H and 13 C NMR spectra. 1 H and 13 C NMR spectra were obtained at a base frequency of 125.76 MHz for 13 C and 500.13 MHz for 1 H nuclei. Relative chemical shifts were then estimated by using the corresponding TMS shielding calculated in advance at the same theoretical level as the reference. Table  6 . Several calculated thermodynamic parameters are presented in Table 7 . Scale factors have been recommended 31 for an accurate prediction in determining the zero-point vibration energies and the entropy. The total energies and the change in the total entropy at room temperature at different methods are also presented. Conclusions phenyl]-1-azide has been synthesized and characterized by elemental analysis, IR, UV-Vis DFT calculations at B3LYP/6-31G* level for compound show that the optimized geometry closely resemble the crystal structure. The comparisons between the calculated vibrational frequencies and the experimental IR spectra indicate they support each other. The predicted electronic absorption spectra have some blue shifts compared with the experimental data and molecular orbital coefficients analyses suggest that the electronic spectra are assigned to π → π* electronic transitions. The experimental and the theoretical investigation of the title compound have been performed successfully by using NMR and quantum chemical calculations.
Regarding the calculations, it is shown that the results of HF and B3LYP methods are in excellent agreement with all the experimental findings.
Computational Methods
The molecular structure of this compound in the ground state are also optimized by HF, Becke 3-Lee-Yang-Parr (B3LYP) functionals 32, 33 and by combining the results of the GAUSSVIEW program . 24 Finally, the calculated normal mode vibrational frequencies (scaled by 0.8991 and 0.9663 for HF/6-31G* and B3LYP/6-31G*), the visible absorption maxima, NMR and thermodynamic properties were also calculated with these methods. These calculations were performed at Hartree-Fock (HF) and B3LYP levels on a Pentium IV/3.6 GHz personal computer using Gaussian 03W 31 program package. Initial geometries are obtained with PM3 method based on Hyperchem 7.02 package.
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Experimental Section General Procedures. Acetamidobenzenesulfonyl chloride was procured from Merck. Solvents were purchased from Merck. IR spectra were recorded on a JASCO FT/IR-680 PLUS spectrometer using KBr discs. NMR spectra were recorded on a Bruker 500 ultrasheild NMR and CDCl 3 and DMSO-d 6 were used as solvent. Mass spectra were determined on a Uk Fisons Trio 1000 spectrometer using electron impact at 70 eV. UV spectra were recorded on a JASCO V-570 UV/Vis/NIR spectrophotometer with some solvent. The elemental analysis was determined at the central laboratory, Isfahan University, Isfahan, Iran. The melting points were obtained on a Gallenkamp apparatus and are not corrected. Analytical TLC was performed on Silica Gel F254 plates (Merck) and for column chromatography Merck silica gel 60 (40-63 µ 230-400 ASTM) was used. 
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Synthesis of [4-(Sulfonyazide)phenyl]-1-azide. Acetamidobenzenesulfonyl azide (2.4 g, 10 mmol) and 10 mL concentrated HCl wwere heated at reflux for 35 min, the resulting solution was cooled in an ice/salt bath to 0 °C. The solution was diazotized with a solution of sodium nitrite (0.76 g, 11 mmol) in water (20 mL), with the temperature maintained below 5 °C, and then stirred for a further 30 min in the cold. The solution was then neutralized with a saturated sodium bicarbonate solution. Sodium azide (15 mmol) in water (15 mL), was added slowly to a stirred suspension of (10 mmol) diazonium salt. After stirring for an additional 30 min, the mixture was further neutralized with a saturated sodium carbonate solution and then left to stir until precipitation was deemed to be complete (2-3 h). The solid product was filtered under suction, dried, and recrystallized from petroleum ether-dichloromethane give white-yellow solid. 
